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© Method and apparatus for detecting the presence of a coating on a travelling web. 



© A method and apparatus is disclosed that de- 
tects the specular reflections from the surface of a 
travelling web (10) to determine if a material (14) is 
coated on the web. The web is illuminated with 
diffuse light by a lamp (18) and the reflected light is 
received by a detector (22) which determines the 
presence and width of the coating material (14) 

CM based on the specular reflections from the coated 

^surface of the travelling web. 
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METHOD AND APPARATUS FOR DETECTING THE PRESENCE OF A COATING ON A TRAVELLING WEB 



This invention relates to a method and appara- 
tus for detecting the presence of a coating, for 
example an adhesive, on a travelling web. In par- 
ticular, the invention relates to a method and ap- 
paratus that employs specular reflectance to deter- 
mine the presence of a coating on cigarette tipping 
paper. 

The improper application of adhesive to ciga- 
rette uppmy paper iias gooji shewn to cause Se- 
vere performance defects in a cigarette. In the least 
alarming aspects of its manifestations, the cigarette 
rod can come apart from the filter while the smoker 
is pulling the cigarette from the pack, the fold-over 
of the tipping paper can cause defects in the visual 
appearance of the product and insufficient adhe- 
sive can impair the performance of the cigarette by 
changing the draft dilution characteristics of the 
cigarette. In the extreme case, insufficient adhesive 
can cause a burning rod of tobacco to unexpect- 
edly detach from the filter. 

All of the aforementioned occurrences are a 
result of insufficient adhesive being applied to the 
edge of the tipping paper. For satisfactory adhe- 
sion, there must be at least 2 mm of adhesive on 
the outermost 5 mm of the tipping paper. It would 
be desirable, therefore, to have a method or device 
for detecting the presence of the adhesive as well 
as for quantitatively measuring the width of the 
adhesive applied to the tipping paper. Such a 
method or device would have to be capable of 
inspecting the tipping paper in the cigarette maker 
at speeds of up to 2.0 meters second. 

Systems have been developed for detecting 
the presence of the adhesive on a travelling web. 
U.S. Patent 2.141.052 discloses a system that 
measures the resistance of the paper as an adhe- 
sive is applied. The system disclosed, however, 
requires undesirable direct contact with the moving 
web. U.S. Patent 4.417.934 discloses a non-contact 
system that employs capacitive sensing to detect 
the presence of the adhesive. While this system 
avoids direct contact with the web. It is not suited 
to quantitatively measuring the width of the applied 
adhesive. 

An object of the present invention is to provide 
a method and apparatus for detecting the presence 
of a coating, for example an adhesive, on a travel- 
ling web. 

Viewed from a first aspect the invention pro- 
vides an apparatus for detecting the presence of a 
coating material on a travelling web, said apparatus 
comprising: 

a) illumination means for uniformly illuminat- 
ing a surface of said travelling web with diffuse 
light at a first angle to produce first reflections from 



a first portion of said surface coated with said 
coating material and second reflections from a sec- 
ond, non-coated portion of said surface: 

b) detector means positioned at a second 
5 angle for receiving at least said second reflections 

from the surface of said travelling web: and 

c) processing means for determining the 
presence of said coating material on said first por- 
tion of said surface or said travelling v«ab based on 

io differences in light intensity between said, first and 
second reflections. 

Viewed from another aspect the invention pro- 
vides a method of detecting the presence of a 
coating material on a surface of a travelling web. 

15 said method comprising the steps of: 

a) uniformly illuminating said surface of said 
travelling web with diffuse light at a first angle to 
produce first reflections from a first portion of said 
surface coated with said coating material and sec- 

20 ond reflections from a second, non-coated portion 
of said surface: 

b) receiving at a second angle at least said 
second reflections from the surface of said travel- 
ling web: and 

25 c) determining if said first portion of said 

travelling web has been coated with said coating 
material based on differences in light intensity be- 
tween said first and second reflections. 

Specular or mirror-like reflection occurs when 

30 the angle of incidence of the incoming light and the 
angle of observation of the reflected light are equal 
or at least approximately the same. With any sys- 
tem of reflected light, there will be a specular 
component and a diffuse component which togeth- 

35 er constitute 100% of the reflected light. For shiny 
or smooth surfaces, e.g.. the adhesive area on a 
paper web. the majority of incident tight, as mea- 
sured at an angle from the normal to the surface of 
the web, is specularly reflected at an approximately 

40 equal angle from the normal. However, when the 
surface of the object is not smooth, as for example, 
the non-adhesive area of the paper web, light is 
scattered at different angles and. therefore, the 
majority of reflected light is diffuse and the specu- 

45 lar component is minimal. This occurs since the 
microscope contours of the web surface which are 
responsible for reflectance of the light are not nec- 
essarily aligned parallel to the overall web surface. 
For diffuse light sources, the incident light on 

50 any given point of the web emanates from a num- 
ber of point sources, and thus the angle of in- 
cidence must be considered as a range of angles 
from the web reflectance point to the plural point 
sources. When a relatively rough surface such as 
the non-adhesive areas on the paper web are illu- 
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minated by a single point light source or by a light 
source having a relatively narrow range of angles 
of incident light, substantial amounts of reflected 
light can be observed at most angles of observa- 
tion relative to the normal from the web surface, 
regardless of the angle or angles of incidence. On 
the other hand, with relatively smooth or substan- 
tially mirror-like surfaces and. when illuminated in 
the same manner, i.e.. with a relatively narrow 
range of angles of incident light, the majority of 
light is specularly reflected at the same narrow 
range of angles measured with respect to the nor- 
mal of the paper surface. Therefore, with this 
smooth surface, the amount of reflected light which 
can be observed will be small at most angles of 
observation (angles of observation which are dif- 
ferent than the angles of illumination). Thus, when 
one observes incident light reflected from the sur- 
faces of the smooth adhesive and the rough web, 
the opticaJ gain. i.e.. intensity of reflected light, of 
the adhesive is substantially different than the op- 
tical gain of the web or tipping paper. Specifically, 
when the source of illumination is a point source or 
a diffuse source providing a relatively narrow range 
of angles of incident light, if the reflected light is 
viewed at an angle of observation equal to. or 
within the range of. the angle of illumination, the 
optical gain from the smooth adhesive surface will 
be substantially higher than that of the rough web 
surface. On the other hand, with the same source 
of illumination, if the angle of observation is sub- 
stantially different than the angle or angles of illu- 
mination, the optical gain of the smooth adhesive 
surface will be substantially lower than the optical 
gain of the rough web surface. 

Because of these differences in intensity of 
reflected light from the rough (web) and smooth 
(adhesive) surfaces, the invention can be employed 
for the purposes of differentiating between adhe- 
sive and paper surfaces at substantially any com- 
bination of illumination and observation angles be- 
tween 0 and the limit of 90* . Advantageously, the 
angle of incidence of the incoming light and the 
angle of observation of reflected light are selected 
to be equal and to be between approximately 45* 
and 90* from the axis normal to the tipping paper. 
In this instance, the light reflected from the adhe- 
sive will be of higher intensity than the light re- 
flected from the rough web and thus, the adhesive 
will appear bright and the web dark (relative to the 
adhesive). In the preferred embodiment described 
herein, the differences between the adhesive and 
the paper are most readily apparent if the angle of 
incidence of the incoming light and the angle of 
observation of the reflected light are equal with 
respect to the surface normal and are limited to 
between about 70* and about 90* . 

Alternatively, in another advantageous embodi- 



ment it is possible to take advantage of the rela- 
tively constant (over substantially any angle of ob- 
servation between 0 and 90 ") intensity of diffuse 
reflection of the paper surface and to employ the 

5 combination of angles of incident light and angles 
of observation which are outside the specular com- 
binations for the adhesive surface: such as the 
combination of a small angle of incidence, e.g.. 
between 0 and 20* . with a relatively large angle of 

w observation, e.g., between 70* and 90*; or vice 
versa, i.e.. large angles of incidence and small 
angles of observation. In this instance, the paper 
appears white or bright and the adhesive appears 
dark (relatively) since observation of light reflected 

/5 from the adhesive surface is minimized. 

Thus at least the preferred embodiments of the 
invention provide significant advantages over prior 
art devices in detecting both the presence and 
width of one or more lines of adhesive on tipping 

20 paper. 

Some preferred embodiments of the invention 
will now be described by way of example and with 
reference to the accompanying drawings, in which:- 
Rg. 1 is a block diagram of a cigarette 
25 manufacturing machine incorporating the present 
invention; 

Fig. 2 is a schematic block diagram of a 
detector employed in the present invention; 

Fig. 3 is a diagram illustrating the angle of 

30 incidence of illuminated light and the angle of ob- 
servation of specular reflections employed in the 
present invention; 

Figs. 4a-6a represent typical adhesive pat- 
terns detected by the present invention; 

35 Figs. 4b-6b represent the output signal from 

a CCD line scanner for the detector shown in Rg. 2 
when viewing the adhesive patterns shown in Figs. 
4a-6a respectively; and 

Rg. 7 illustrates a second embodiment of 

40 the present invention. 

A cigarette manufacturing machine 8 is shown 
in Rg. 1, wherein a web of tipping paper 10 for use 
in cigarettes is drawn past a patterning roller 12 
that applies an adhesive layer 14 to the surface of 

45 the tipping paper 10. As the tipping paper 10 is 
drawn along the transport path by drive rollers 15, 
the surface of the paper 10 is illuminated by a light 
source 16. The light source 16 is comprised of a 
fluorescent aperture lamp 1 8 that provides diffused 

so and spectrally stable light. A lamp controller 20 is 
provided to regulate the output of the lamp 18 and 
prevent ripple. The lamp controller 20 also over- 
drives the fluorescent aperture lamp 18 in order to 
obtain sufficient illumination for the detector 22. 

55 The lamp controller 20 and fluorescent aperture 
lamp are readily available components. (For exam- 
ple, MERCRON of Richardson. Texas is one com- 
pany that produces lamp controllers for fluorescent 
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aperture lamps suitable for use in the present in- 
vention). 

In a preferred embodiment, the detector 22 is a 
Honeywell HVS 256 High Accuracy Edge/Width 
Gauge detector. The HVS 256 detector is capable 
of performing high speed, non-contact on-line in- 
spection and gauging. As shown in Fig. 2. the HVS 
256 detector has a CCD line scan sensor 24 having 
256 pixels, an onboard computer 28. an A/ D con- 
verter 29. and associated communications circuitry 
30 and output circuitry 32. The HVS 256 detector 
C2T. b9 programmed to dstoct up to olQhtoon edge 
positions and widths or centers (differences or mid- 
points between any two edges) along the pixel 
array that are calculated by the computer 28 and 
output in state, analog, or digital format. Typically, 
the HVS 256 detector is employed to measure 
parts that are placed in an object plane. The dif- 
ference in reflectance between the background of 
the object plane and the part is detected as an 
edge transition. In other words, variations in surface 
reflectance produce brightness vanations giving 
contrast (grey levels) which are converted to an 
electrical signal by the CCD line scan sensor 24. 
and transitions in the electrical signal are detected 
as the edges of the object by edge detection 
algorithms within the microprocessor of the HVS 
256 detector. In the present embodiment, the HVS 
256 detects the difference in the specular reflec- 
tance of the adhesive layer 14 and any uncoated 
areas of the tipping paper 10. The output of the 
detector 22 is supplied to a system controller 34 
<Fig. 1) that controls the overall operation of the 
cigarette making machine 8. 

The illumination source 16 and the detector 22 
are positioned in order to enhance the differences 
in the specular reflectance of uncoated areas of the 
tipping paper 10 and the adhesive layer 14 which 
has been applied to the paper. The angle of in- 
cidence for the illumination light and the angle of 
detection are preferably equal and selected to be 
between about 45* and 90 ' from an axis normal 
to the surface of the tipping paper 10 in order to 
optimize the ratio of intensity of observed specular- 
ly reflected light (from the adhesive surface) to the 
diffuse reflected light (from the web surface, e.g.. 
see Fig. 3). Most preferably, the angle of incidence 
and the angle of detection are between 70 " and 
90* in order to achieve the best results. At the 
prescribed angles, the adhesive layer 14 reflects 
diffuse light in a mirror-like manner and makes the 
adhesive layer 14 readily ascertainable from the 
surface of the tipping paper 1 0. Thus, the adhesive 
layer appears bright and the paper dark. It is es- 
sential that the illumination source 16 provide a 
uniform diffuse light in the across-machine direc- 
tion, e.g., horizontally in Fig. 4. in order to prevent 
any bright or "hot" spots that might be generated 



from non-uniform point source dispersement of the 
light. A wide diffuse tight source also reduces the 
ciiticality of the side to side alignment of the detec- 
tor 22 and improves the accuracy of edge detec- 
5 tion. 

In other embodiments of the invention the an- 
gle of incidence is selected to be less than 45* 
and preferably between 0* and 20* with a rela- 
tively large angle of observation of between 70* 

w and 90*. More generally, the angle of incidence 
may range from 0* -40* with the angle of observa- 
tion between 50* -90* . In both of tnes« oases. the 
adhesive layer appears darker with the paper being 
brighter. In yet another embodiment, the angle of 

j 5 incidence may be large, on the order of 70 ' -90 * 
(or more generally 50* -90*) with the angle of 
observation between 0* -20* (or more generally 
0*-40*). In these latter cases as well, the paper 
appears brighter than the adhesive layer reflec- 

20 tions. In other words, the adhesive layer appears 
darker than the paper since the angle of observa- 
tion is substantially outside the range where one 
can observe the specularly reflected light from the 
adhesive layer. 

25 In a specific example of the embodiment de- 
scribed immediately above, the web may be illumi- 
nated at an angle of incidence with a diffuse light 
source to produce first and second reflections. The 
first reflections are from a first portion of the sur- 

30 face of the web which is coated with the coating 
material, e.g., glue. These first reflections may be 
observed as specular reflections with light intensity 
U, if the observation angle is substantially equal to 
the angle of incidence. These first reflections may 

35 also be observed with a light intensity h less than 
ti if observed as non-specular reflections, namely, 
at angles not substantially equal to the incidence 
angle. The second reflections from the web come 
from a second portion of the web which is not 

jo coated. These reflections are largely diffuse reflec- 
tions (insignificant specular component) and have a 
minimum to maximum range of intensities h mm - h 
max aN of which are intermediate between I- and I:, 
for the range of all angles of observation (0-90*.). 

45 Thus, by knowing in advance, e.g., by empirical 
testing, the expected intensities h. I 2 , h mm and I3 
max it is possible to determine the existence of the 
coated material on the web by observing the re- 
flected light at virtually any angle (0-90*) and by 

50 using incident light at virtually any angle (i.e.. be- 
tween 0-90* ). In all cases. I2 < h < I* where 13 
represents any value between the minimum and 
maximum values, b mm and b max. respectively. 
Thus, if the received light has an intensity only 

55 varying between b min - I3 max, no coating is 
contained on the web. In such circumstances only 
"second reflections", i.e. those from the non-coated 
web, are detected. On the other hand, if the re- 
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ceived light intensity is higher (h) or tower (fe) 
during part of the scan, then that part of the scan 
corresponds to the coated portion of the web which 
produces the "first reflections". 

In one advantageous embodiment of the inven- 
tion, the ratio of intensities of reflected light from 
the adhesive to reflected light from the web can be 
further enhanced by employing a polarizing filter 
between the web surface and the detector as 
shown by filter 40 in Figure 1. If the angles of 
illumination and observation are in a range near 
Brewster's Angle, i.e., 56.71 ° from the normal, the 
smooth adhesive lends la pclarizs ihe reflected 
light horizontally. Some small degree of polariza- 
tion occurs in the light reflected from the web, but 
this will be substantially less than with the light 
reflected from adhesive. By detecting through po- 
larizing filter 40 aligned to preferentially pass the 
horizontally polarized light, the intensity of light 
reflected from the adhesive is only minimally re- 
duced; however, since the rough surfaces does not 
tend to promote significant polarization, the inten- 
sity of reflected light from the web surface is re- 
duced nearly in half by the blocking action of the 
polarizing filter. As a result, contrast between the 
smooth adhesive and the rough filter web is in- 
creased substantially. 

The detector 22 detects the differences in the 
specular reflections from the adhesive layer 14 and 
any uncoated areas of the tipping paper 10. finds 
the edges, and then calculates the width of the 
adhesive layer 14. If the adhesive layer 14 is not 
present or out of a specified width range, the 
detector 22 provides an output signal to the system 
controller 34 indicating the out of range condition. 
The system controller 34 notes the location of the 
defect in the tipping paper 10 in memory and 
causes the rejection of cigarettes made from the 
defective tipping paper 10 at a downstream loca- 
tion of the cigarette manufacturing machine 8. For 
example, given known parameters such as the dis- 
tance (in filter tipping paper cigarette units) from 
the detector 22 to a rejection station (not shown) 
the system controller 34 notes the position XO of 
the detection of an out of range condition and is 
programmed to reject the cigarettes made from the 
defective tipping paper 10 when they pass the 
rejection station at Xi positional units later. The 
operation of a system controller 34 to control a 
cigarette manufacturing machine 8 is well known 
within the cigarette manufacturing industry. 

Examples of typical adhesive patterns detected 
by the present invention are shown in Rgs. 4a-6a 
and the associated output signal from the CCD line 
scanner 24 are shown in Figs. 4b-6b. The signal 
output shown in Rgs. 4b-6b represent the output of 
the CCD line scanner 24 .when it scans the tipping 
paper 10 along line A shown in Rgs 4a-6a. The 



shaded areas of Rgs. 4a-6a represent the adhesive 
layer 14 applied to the surface of the tipping paper 
10. In all three cases the adhesive layer extends to 
the edge of the tipping paper 10. The areas B 

5 along the edge of the paper 10 are the most critical 
areas requiring the presence of adhesive. Prefer- 
ably there is at least a 2 mm wide strip of adhesive 
within the 5 mm wide areas B. 

The Honeywell HVS 256 detector employed for 

w the detector 22 can be programmed to "learn" 
what is considered a minimum condition by using 
Boolean logic to make decisions. For example, a 
sample tipping paper lacking adhesive in a 2 mm 
wide strip along the edge of the tipping paper is 

is first placed in front of the detector 22. A switch is 
then activated causing the detector 22 to 
"remember" the limit, i.e.. the signal pattern gen- 
erated by the CCD line scanner 24 wh en viewing 
the sample tipping pa per is stored by the compu ter 

20 2 8. Alternately, the threshold values for determinin g 
the adhesive/ paper boundary. In operation, the 
computer 28 continuou sly compares the signal 
generated from t he CCD line scanner 24 with the 
remembered sign al pattern. If an edge transition is 

25 not detected within the first 3 mm of the edge of 
the tipping paper an out of range signal is gen- 
erated. 

The Honeywell HVS 256 detector utilized for 
detector 22 can also determine the distance be- 

30 tween edge transitions. Thus, the overall width C of 
the adhesive layer can be determined, or the width 
of any intermediate areas where adhesive is not 
applied can be ascertained. The width of area D is 
of interest. The width of the tipping paper 10 shown 

35 in Rgs. 4a-6a is used for two cigarettes during the 
manufacturing process. The tipping paper 10 is cut 
along the length of area D and it is therefore 
desirable that adhesive not be present in this area. 
The width of area D should preferably be main- 

40 tained at about 1 mm. Other non-aahesive areas 
(for example, areas E and F shown in Rgs. 5a and 
6a) that are perforated may be provided to regulate 
air flow in the cigarette filter. In such cases, it 
would also be desirable to monitor the width of the 

45 non-adhesive areas to determine if they are also 
within specified ranges. Additionally, trends can be 
monitored by the system controller 34 by receiving 
the width information directly from the detector 22 
so that problems may be detected before an actual 

so out of range condition is generated. 

Due to the nature of the cigarette manufactur- 
ing machine 7, it may not be possible to physically 
locate the detector 22 at the correct angle of ob- 
servation due to space restrictions. In such situ- 

55 ations, a folded optics arrangement as shown in 
Rgure 7 may be employed. A mirror 36 is posi- 
tioned at the appropriate angle of observation to 
provide the image from the adhesive layer 14 and 
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tipping paper 10 to the detector 22. 

The detection of the specular reflections from 
the adhesive layer 14 and the tipping paper 10 
permits accurate determination of the presence and 
width of the adhesive layer 14 not previously 
achieved in prior art devices. The diffuse light 
source employed in the present invention enhances 
the uniformity of specular reflections from the ad- 
hesive layer 14 and the tipping paper 10. allowing 
for easy detection of the edge transitions between 
the adhesive layer 14 and the surface of the tipping 
paper ;C by the detector 22. 

The invention has been described in detail with 
particular reference to preferred embodiments 
thereof, but it will be understood that variations and 
modifications can be effected within the scope of 
the invention. For example, a 256 x 256 array 
scanner may be employed with a separate micro- 
processor performing the edge detection algo- 
rithms. In this case a single line of the array is 
utilized for data analysis. 

It will thus be seen that at least in its preferred 
forms, the invention provides a method and ap- 
paratus for detecting the boundary between two 
surfaces of a web. one surface being substantially 
smooth and the other being relatively rough; a 
method and apparatus that can detect the width of 
the adhesive applied to the travelling web; appara- 
tus for detecting the presence of an adhesive on a 
travelling web having a structure that can easily be 
employed in a cigarette making machine; and a 
method and apparatus that optically enhances the 
differentiation of the adhesive from the tipping pa- 
per by detecting the differences in the specular 
reflectance of the adhesive and the paper. 

it is to be clearly understood that there are no 
particular features of the foregoing specification, or 
of any claims appended hereto, which are at 
present regarded as being essential to the perfor- 
mance of the present invention, and that any one of 
more of such features or combinations thereof may 
therefore be included in, added to. omitted from or 
deleted from any of such claims if and when 
amended during the prosecution of this application 
or in the filing or prosecution of any divisional 
application based thereon. Furthermore the manner 
in which any of such features of the specification or 
claims are described or defined may be amended, 
broadened or otherwise modified in any manner 
which fails within the knowledge of a person skilled 
in the relevant art. for example so as to encom- 
pass, either implicitly or explicitly, equivalents or 
generalisations thereof. 



Claims 

1. Apparatus for detecting the presence of a 
coating material on a travelling web. said apparatus 
5 comprising: 

a) illumination means for uniformly illuminat- 
ing a surface of said travelling web with diffuse 
light at a first angle to produce first reflections from 
a first portion of said surface coated with said 

10 coating material and second reflections from a sec- 
ond, non-coated portion of said surfacr 

b) deiector means positioned at a second 
angle for receiving at least said second reflections 
from the surface of said travelling web: and 

75 c) processing means for determining the 

presence of said coating material on said first por- 
tion of said surface of said travelling web based on 
differences in light intensity between said first and 
second reflections. 

20 2. Apparatus as claimed in claim 1. wherein 

said processing means determines the width of 
said coating material based on the first reflections 
received by said detector means. 

3. Apparatus as claimed in claim 1 or 2. further 
25 comprising means for directing said first reflections 

to said detector means. 

4. A method of detecting the presence of a 
coating material on a surface of a travelling web. 
said method comprising the steps of: 

30 a) uniformly illuminating said surface of said 

travelling web with diffuse light at a first angle to 
produce first reflections from a first portion of said 
surface coated with said coating material and sec- 
ond reflections from a second, non-coated portion 

35 of said surface; 

b) receiving at a second angle at (east said 
second reflections from the surface of said travel- 
ling web; and 

c) determining if said first portion of said 
40 travelling web has been coated with said coating 

material based on differences in light intensity be- 
tween said first and second reflections. 

5. A method of detecting the presence of a 
coating material on a surface of a travelling web as 

45 claimed in claim 4, further comprising the step of 
determining the width of said coating material 
based on the first reflections. 

6. Apparatus or a method as claimed in any 
preceding claim, wherein said first and second 

so angles are approximately equal such that said first 
reflections include a predominantly specular com- 
ponent and said first and second angles are each 
about 45* to 90* from an axis normal to said 
travelling web. 

55 7. Apparatus or a method as claimed in claim 
6. wherein said first and second angles are at least 
approximately equal and about 70* to 90 ' from 
said axis normal to said travelling web. 
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8. Apparatus or a method as claimed in any of 
claims 1 to 5, wherein said first angle is less than 
45* from an axis normal to the travelling web. and 
said angle is between 70* -90* from said axis. 

9. Apparatus or a method as claimed in any of 
claims 1 to 5. wherein said first angle is between 
0*-20* from an axis normal to the travelling web ( 
and said second angle is between 70 '-90* from 
said axis. 

10. Apparatus or a method as claimed in any 
of claims 1 to 5. wherein said first angle is between 
0 * -40 " from an axis normal to the travelling web. 
and said second angle is between 50 -00 from 
said axis. 

11. Apparatus or a method as claimed in any 
of claims 1 to 5, wherein said first angle is between 
50* -90* from an axis normal to the travelling web, 
and said second angle is between 0**40* from 
said axis. 

12. Apparatus or a method as claimed in any 
of claims 1 to 5. wherein said first angle is between 
70*-90' from an axis normal to the travelling web. 
and said second angle is between 0*-20* from 
said axis. 

13. Apparatus as claimed in any of claims 1 to 
3. further including a polarizing filter disposed be- 
tween said web and said detector. 

14. Apparatus as claimed in claim 13, wherein 
• said first and second angles are each approxi- 
mately equal to Brewster's angle. 

15. Apparatus for detecting the presence of a 
relatively smooth material on a. relatively rough 
web, said apparatus comprising: 

a) illumination means for uniformly illuminat- 
ing a surface of said web with diffuse light at a first 
angle to produce first reflections from a first portion 
of said surface having said relatively smooth ma- 
terial thereon and second reflections from a second 
portion of said surface not having said relatively 
smooth material thereon; 

b) detector means positioned at a second 
angle for receiving at least said second reflections 
from the surface of said web: and 

c) processing means for determining the 
presence of said relatively smooth material on said 
first portion of said surface of said web based on 
differences in light intensity between said first and 
second reflections. 

16. A method of detecting the presence of a 
relatively smooth material on a surface of a rela- 
tively rough web. said method comprising the 
steps of. 

a) uniformly illuminating said surface of said 
web with diffuse light at a first angle to produce 
first reflections from a first portion of said surface 
having said relatively smooth material thereon and 



second reflections from a second portion of said 
surface not having said relatively smooth material 
thereon; 

b) receiving said second reflections from the 
5 surface of said web at a second angle; and 

c) determining if said first portion of said 
web has said relatively smooth material thereon 
based on the differences in light intensity between 
said first and second reflections. 

to 17. A method of detecting the presence of a 
coating material on a surface of a travelling web 
comprising the steps of: 

a) illuminating, at an angie of incidence, said 
surface of said travelling web with a diffuse light 

J5 source to produce first reflections from a first por- 
tion of said surface coated with said coating ma- 
terial and second reflections from a second portion 
of said surface not coated with said coating ma- 
terial, said first reflections having a first light inten- 

20 sity when observed at an angle of observation 
substantially equal to said angle of incidence, and 
a second intensity when observed at an angle of 
observation not substantially equal to said angle of 
incidence, said second reflections having a range 

25 of third light intensities intermediate said first and 
second light intensities. 

b) positioning a light detector an an angle of 
observation for receiving at least said second re- 
flections, and 

30 c) automatically determining whether said 

web contains said first portion based on the dif- 
ference in light intensities between said first, sec- 
ond and third intensities. 

18. A method as claimed in claim 17, wherein 
35 said step of positioning said light detector includes 

positioning said light detector at an angle of ob- 
servation substantially equal to said angle of in- 
cidence so as to receive, in addition to said second 
reflections, said first reflections having said first 
40 light intensity. 

19. A method as claimed in claim 18, further 
comprising the step of determining the width of 
said first portion. 

20. A method as claimed in any of claims 17 to 
45 19, wherein said angle of incidence is between 

about 70 to 90* as measured from an axis normal 
to said travelling web. 

21. A method as claimed in any of claims 17 to 
19. wherein said angle of incidence is between 

so about 45 to 90 ' as measured from an axis normal 
to said travelling web. 

22. A method as claimed in claim 17. wherein 
said step of positioning said light detector includes 
positioning said light detector at an angle of ob- 

55 servation not substantially equal to said angle of 
incidence so as to receive, in addition to said 
second reflections, said first reflections having said 
second light intensities. 



7 



13 



EP 0 300 734 A2 



14 



23. A method as claimed in claim 22. wherein 
said angle of incidence as measured from an axis 
normal to the travelling web is Jess than 45* and 
said angle of observation is between 70-90* from 
said axis. 

24. A method as claimed in daim 22. wherein 
said angle of incidence is between 0-20* as mea- 
sured from an axis normal to the travelling web and 
said angle of observation is between 70-90* from 
said axis. 

25. A method as claimed in claim 22, wherein 
said anrjie of incidence is between 0-40 as mea- 
sured from an axis normal to the travelling web and 
said angle of observation is between 50-90* - 

26. A method as cited in claim 22. wherein said 
angle of incidence is between 50-90 * as measured 
from an axis normal to the travelling web and said 
angle of observation is between 0-40 * . 

27. A method as cited in claim 22. wherein said 
angle of incidence is between 70-90* as measured 
from an axis normal to the travelling web and said 
angle of observation is between 0-20 * . 

28. Apparatus for detecting the presence of a 
coating material on a surface of a travelling web 
compnsing: 

a) means for illuminating, at an angle of 
incidence, said surface of said travelling web with a 
diffuse light source to produce first reflections from 
a first portion of said surface coated with said 
coating material and second reflections from a sec- 
ond portion of said surface not coated with said 
coating material, said first reflections having a first 
light intensity when observed at an angle of ob- 
servation substantially equal to said angle of in- 
cidence, and a second intensity when observed at 
an angle of observation not substantially equal to 
said angle of incidence, said second reflections 
having a range of third light intensities intermediate 
said first and second light intensities. 

b) light detector means for receiving, at an 
angle of observation, at least said second reflec- 
tions, and 

c) means for automatically determining 
whether said web contains said first portion based 
on the differences in light intensity between said 
first, second and third intensities. 

29. Apparatus for detecting the presence or 
absence of a coating material on a travelling web. 
said apparatus comprising: 

a) illumination means for uniformly illuminat- 
ing a surface of said travelling web with diffuse 
light at a first angle from an axis normal to the web: 

b) detector means positioned to receive light 
reflected from the surface of said travelling web at 
a second angle from said axis: and 



c) processing means for determining from 
the intensity of reflected light received by the de- 
tector means the presence or absence of said 
coating material on the travelling web. 
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